We re-examine recent determinations of power corrections from τ -decay and confront the results with the existing ones from QCD spectral sum rules (QSSR). We conclude that contrary to the QSSR analysis, which lead to αsG 2 = (6.8 ± 1.3)10
Introduction
Hadronic V + A τ -decay is expected to provide the most accurate determination of α s once its value obtained at the τ -mass is runned until the Z-mass [1, 2, 3, 4, 5] . The extraction of α s , at this relatively low scale M τ , can become feasible, as theoretically, the V + A channel is less sensitive to the QCD non-perturbative effects than the individual V and A channel (if one uses the OPEà la SVZ [6] ) and to the values of the quark and gluon condensates obtained from an overall fit of the hadronic channels [6, 7] , e + e − [8, 9, 10, 11, 12] and τ -decay [13, 14, 15, 16, 17, 18, 19] data, light baryon sum rules [20] , heavy quarkonia sum rules [6, 21, 22, 23] and heavyquarkonia mass-splittings [24] . In addition, the dominant theoretical uncertainties on the α s determination, though relatively modest at the τ -mass (10%), becomes tiny at the Z-pole as it decreases as 1/ log 2 . More quantitatively, the non-strange ∆S = 0 component of the τ -hadronic width can be expressed as:
where δ (2) m is the light quark mass corrections,
is the sum of the non-perturbative (NP) contributions of dimension D within the SVZ expansion [6] , while δ nst are some eventual NP effects not included into δ svz . We shall use: |V ud | = 0.97418 ± 0.00027 [25] . The electroweak corrections are:
S EW = 1.0198 ± 0.0006 [26] and δ ′ EW = 0.001 [27] .(3) * Email: snarison@yahoo.fr δ (0) is the perturbative correction, while δ m is the light quark masses corrections. They will be discussed in details in the next paragraph.
SVZ power corrections in hadronic τ -decay
Using the QCD expressions compiled in BNP [2] , the light quark masses corrections read: 
wherem q and a s ≡ (α s /π) are respectively the light quark running masses and QCD running coupling evaluated at M τ . Using the recent determinations of the running mass in units of MeV and evaluated at 2 GeV [28, 29, 30, 31] : 
m,V +A = −(4.22 ± 0.68) .(6) A theoretical estimate of the quark masses contributions has been often used as input in existing analysis of τ -decay data [14, 15, 16] . The non-perturbative corrections a la SVZ [6] read to leading order in m q and α s [2] 2 : SVZ power corrections from τ -decay compared with the ones from e + e − and QSSR analysis of the other hadronic channels. FO and CI correspond to αs(Mτ ) = 0.331 ± 0.013 and 0.350 ± 0.010. ALEPH fits come from [14, 16] , while OPAL fits are from [15] . We take the average of different results and take the quadratic mean of the error (bold face) when the different fits are in good agreement, while in the case where some of the results are not significant, we only consider the most accurate fit (boldface). The final sum δsvz comes from the average or/and from the most accurate determinations.
0.87 ± 0.09 −2.01 ± 0.11
27.1 ± 6.6 2.8 ± 8.9 CI99
25.6 ± 3.4 1.2 ± 5.6 Average (τ + e + e − ) 29.4 ± 2.0 −6.1 ± 0.9
where ψ ψ ≡ ūu ≃ d d and ρ ≃ 2 − 3 [7, 8, 9, 10, 17, 18, 19, 20] indicates a deviation from the vacuum saturation of the four-quark condensate estimate. Vacuum saturation has been assumed for estimating the dimension D=8 condensates which is expected to be a very rough approximation [8, 17, 18, 19] . We compare in Table 1, the size of the given dimension non-perturbative (NP) contributions obtained from a fit of the τ -decay data with the ones obtained from QCD spectral sum rules (QSSR) [6, 7] using the I=1 component of the e + e − data [8] . Some comments follow:
• General remarks The results from QSSR have been obtained using the ratio of the Laplace/Borel (LSR)sum rules where radiative corrections tend to cancel out. Therefore, contrary to τ -decay, the result will be only slightly affected by the truncation of the PT series. One can inspect in Table  1 that there is a fair agreement (within the errors) between the different results from LSR used in e + e − and from τ -decay data analysis. One can notice that τ -decay analysis can lead to inaccurate results for some NP effects in the channels where they are tiny. However, the smallness of these NP effects in the V+A channel makes it a best place for extracting α s .
• Gluon condensate An attempt to extract this quantity from τ -decay in different channels [14, 15, 16] leads to unreliable results because its value which is expected to be universal differs from one channel to another. In units of 10 −2 GeV 4 , τ -decay gives in the V, A and V+A channels:
One can also worry on the negative sign which differs from the one obtained from different QSSR analysis [6, 7, 8, 9, 10, 11, 12, 13, 21, 22, 23, 24] 3 . This can be due to the fact that its contribution in these τ -decay channels is difficult to extract from the data as it acquires an extra α 2 s correction and then becomes relatively tiny compared to the other condensate effects. Indeed, from Eq. (7), one can notice that it is one order of magnitude smaller than the m ψ ψ quark and of the four-quark condensate effects. Another problem may arise that in ALEPH and OPAL analysis, one has to do simultaneously a fit of many parameters in the τ -decay analysis (α s , D = 4, 6 and 8 condensates). This is not the case of the QSSR analysis of e + e − within LSR, which has a stronger sensitivity to α s G 2 and then permits its robust estimate. In these QSSR analysis, it has been found from different analysis a strong correlation between the D = 4 and D = 6 condensate contributions. Using the average of the ratio of the gluon and four-quark condensates [8] determined in [9, 10, 11, 12, 13] :
which reduces the analysis to a one-parameter fit 4 , the LSR analysis of e + e − data gives [8] :
while the heavy quarkonia mass-splittings [24] lead to:
from which we deduce the average:
where the errors have been averaged quadratically. Though higher by about a factor 1.8 than the original SVZ value :
the previous estimate is at the border of the lower bound allowed by Bell & Bertlmann [21] in the analysis of the heavy quark sum rules and is in line with results from Finite Energy Sum Rules (FESR) analysis [10] or some other methods [11, 12] in e + e − data and with the available lattice calculations [34] 5 :
Using the value in Eq. (12) and the ones of light quark masses and condensates into the QCD expressions of δ V +A given in Table 1 , which agree fairly with the range of values from τ -decay [14, 15, 16] .
• Four-quark condensate Using the ratio in Eq. (9) and the gluon condensate value in Eq. (12), one can deduce:
Using this value into the theoretical expression of δ (6) V , one obtains the QSSR predictions in Table 1 (e + e − column), where one can notice a nice agreement between the contributions of the D = 6 condensates from the LSR in e + e − and from τ -decay. Therefore, we can consider as a final result, their average :
Using the value of α s and ūu at M τ , one obtains:
confirming the deviations of a factor 2 ∼ 3 obtained in [7, 8, 9, 10, 11, 12, 17, 18, 19, 20] from the vacuum saturation [6] of the value of the four-quark condensate. In the V+A channel, the existing results quoted in Table  1 are inaccurate except the most recent one from [16] . Considering as the final value, its average with the one obtained from Eq. (16) and the expression in Eq. (7), we obtain the value in Table 1 :
• Dimension D = 8 condensates There is also a good agreeement in the extraction of the D = 8 condensates from the vector component of τ -decay and QSSR in e + e − , which allows us to take the average quoted in Table 1 (e + e − column). In the V+A channel, most of the τ -decay results are inaccurate but suggest a value much smaller than the one from the vector channel. As the theoretical relation in Eq. 7 is expected to be (a posteriori) very inaccurate, we shall consider as a value of δ (8) V +A , the most accurate estimate from [16] :
5 A more exhaustive though still incomplete comparison of the QSSR estimate of αsG 2 can be found in Table 2 (page 543) of the Cambridge book in [7] . In [23] , a correlation between the gluon condensate and mc has been given. This value would correspond to a lighter value of mc which is still in the range of values given by PDG [25] and from the D-meson sum rules [35] . Further analysis to clarify this issue is needed.
Both results from the V and V+A channels indicate large deviations from the vacuum saturation suggested by Eq. (7). Analogous results have been obtained from the LSR and FESR analysis of the V-A channel [17, 18, 19] .
• Sum of the SVZ power corrections Determinations of the NP corrections from the e + e − sum rules and τ -decay data agree, in most case, indicating the consistency of the whole picture. However, the failure of τ -decay for extracting α s G 2 , can be mainly due to the α 2 s suppression of its effect making its extraction more delicate. From Table 1 , we deduce:
This result is comparable with the direct fit from ALEPH and OPAL [14, 15] , where the new result is [16] :
Sum of standard power corrections
We add, to these SVZ power corrections, the ones from the pion and a 0 (980) poles into the longitudinal part of the spectral function. It can be written as [36] in units of 10 −3 :
where we have used f π = 93.28 MeV and f a0 = (1.6 ± 0.5) MeV [7] . Therefore, the total sum of the standard power corrections reads:
Here, we shall be concerned with the perturbative correction δ (0) which can be expressed in terms of R e + e − as:
The ratio R ee ≡ σ(e + e − → hadrons)/σ(e + e − → µ + µ − ) is expressed through the absorptive part of the correlator of the electromagnetic current J µ :
with
s ), its numerical form for n f flavours is :
where [37, 38, 39] . The perturbative quantity δ (0) can be evaluated using Fixed Order perturbation theory (FO) or using the so-called "Contour Improvement" (CI). To order α 
where one can notice a slight difference in the evaluation of δ
CI from different authors [16, 39, 40, 41] . This difference will only affect the last digit in the estimate of α s . We use the recent experimental value: R τ,V +A = 3.479 ± 0.011 [16, 5] , and the value of the sum of standard power corrections δ st in Eq. (23), from which we deduce:
Equating Eqs. (28) and (29) with Eq. (30), we obtain to order α 4 s within the SVZ-expansion:
which, at the M Z scale, becomes:
At this stage, the theoretical errors do not take into account the estimate of the higher order terms which we shall discuss in the next section. One can compare these results with some other determinations from τ -decay within the SVZ expansion given in Table 2 and the runned value at M Z with the one from the Z-width [39] and from a global fit of electroweak data at O(α 4 s ) [16] :
and with the most recent world average [42] :
One can notice a quite good agreement within the errors but, like the ones from [16] and [39] , these values are on the high side of the world average. Then, one may wonders on the possible effects on these results from some other (often unwanted) effects beyond the SVZ expansion. This will be the subject of the next section.
Power corrections beyond the SVZ expansion
To the previous standard contributions of the OPE, there are also other NP contributions which have been overlooked or/and not considered carefully in the existing literature. These contributions are expected to be present as we work with truncated (non) perturbative Table 2 Different QCD series which will never describe exactly inclusive processes like e.g. τ -decay, e + e − , but instead can only give a smearing of it [43] 6 . Moreover, even if we are able to add the number of terms we want into the (non) perturbative QCD series, we will not be able to get exactly the QCD two-point correlator involved in an inclusive process such as τ -decay and e + e − because the QCD series are factorially divergent.
• Small size instantons Direct instantons are expected to be present in QCD for explaining the η ′ − π mass shift (the so-called U (1) A axial problem [45] ). At large Q 2 , it will be highly suppressed as it can be parametrized by an operator of highdimension D = 9. Its quantitative effect has been discussed in previous QSSR literature and has lead to some controversy [7] . A phenomenological fit from e + e − data leads to [24] :
Taking for a reference CI perturbative series and the corresponding value α s (M τ ) in Eq. (31), it would induce a shift on the value of α s :
which is invisible at M Z within the present accuracy.
• Quark-hadron duality violation A description of the measured spectral function which is not possible using PT QCD alone has been initially discussed in [44] . This so-called "duality violation" (DV) (deviation of the prediction of the QCD truncated series from the measured spectral function) can be quantified as [46] :
where κ, γ, α and β come from the fit of the τ -data for t min ≃ 1.1 GeV 2 ≤ t ≤ M 2 τ , and depend on the channels studied. DV induces an effect [46] :
respectively in the V and A channels, where δ DV,V (which is model dependent) can be relatively large in agreement with the rough estimate |δ DV,V | ≈ 3% obtained in [44] 7 , while δ DV,A is almost negligible and remains to be understood. DV would induce an effect in units of 10 −4 :
• Tachyonic gluon from e + e − and π sum rules This mass can induce a new 1/Q 2 -term not present in the original SVZ expansion 8 . Some eventual origins of this term [33, 47, 48, 49, 50] and its phenomenological applications [52, 53, 54, 17, 28, 29, 30, 34] have been discussed in the literature, as well as its relation with the short distance linear part of the QCD heavy quark potential. Here, we shall consider that the 1/Q 2 -term is purely of short distance nature and can mainly emerge from the resummation of the infinite terms of the pQCD series (UV renormalon). It is expected to provide a phenomenological parametrization of the unknown higher order terms of the PT series as an alternative to the estimates in the existing literature [2, 3, 14, 15, 16, 55] and to the large β 0 -approximation of the UV renormalon contribution [33, 47, 40] . However, its size can depend on the order at which the PT series is truncated and may (in principle) disappear if infinite terms of the series are known [34, 47] 9 . Its contribution to R τ is [53] :
where λ 2 is the tachyonic gluon mass estimated from an overall fit of the pion sum rule [53, 54] and of the I=1 part of the e + e − → hadrons data [8, 52, 53] . The average of the two determinations gives [54] :
Its presence will only affect slightly the previous determinations of the condensates having higher dimensions, where its correlation to the estimate of α s G 2 from e + e − has been studied in [8] . As originally introduced, it will be, instead, relevant to the estimate of unknown higher order PT series, which will be discussed in the next section. It would induce, in the V+A channel, an effect :
• Tachyonic gluon from large β 0 -approximation It is instructive to compare the previous value of the tachyonic gluon (TACH) contribution from the one which would be obtained from the large β 0 -approximation. In so doing, we take advantage of the analysis in [40] , where, for a reference value α s (M τ ) = 0.34, one can predict for the Borel summed PT series:
Truncating the PT series known until n = 4, one can deduce from Eqs. (28) and (29) in units of 10 −3 :
which agrees nicely with the phenomenological fit in Eq. (42) . We have estimated the error from the deviation of the large β 0 -approximation from the sum of the calculated terms of the series truncated at n = 4. However, as can been observed from [16, 40] , though the CI converges faster than FO, it will never reach the sum of the large β 0 -approximate result, because the CI series stabilizes for n ≥ 5 − 6 well below the exact value, while FO slowly reaches the exact result for n ≥ 7. Therefore, the inclusion of TACH with the value in Eq. (44) is necessary for the PT series to reach the "exact result". In the case of FO, the TACH contribution will decrease for increasing numbers of term in the PT series if one follows the analysis in [40] , while for CI, it will remain almost constant. For definiteness, we shall use the large β 0 -approximate result in Eq. (44), which can be more appropriate and accurate for this specific channel than the phenomenological fit. For CI, it would induce an effect in units of 10 −4 :
• Total contributions Adding the previous contributions beyond the SVZ expansion, we obtain an estimate of the total "new " contributions in the V+A channel (in units of 10 −3 ):
where there is a partial cancellation between the DV and TACH contributions. These effects can be about a factor 3 larger than the standard SVZ non-perturbative contributions given in Table 1 but remain relatively small compared to the PT contributions of about 20% which we shall discuss in the next section.
Adding the sum of δ nst corrections in Eq. (46) 
. (47) implying:
However, as explained in the previous section, the result from CI is preferred than from FO due to the faster convergence of the PT series, where the difference between the Borel summed series and the known PT series is expected to be better reproduced by δ
tach given in Eq. (42) which remains (almost) constant [40] , when higher order terms of the series will be available in the future.
Comparison of α s from τ -decay and Z-data.
We run our previous result in Eq. (48) at M Z and obtains:
Both results agree quite well each other and with the one from Z-data in Eq. (33) and from the world average in Eq. (34) . They indicate that the presence of the TACH reduces the difference between the FO and CI results by a factor 4 [comparison of Eqs. (31) , (32) and (49)], which is not the case of the ones in the existing literature. We consider, as a final result, the average of the two determinations FO and CI to O α 4 s and in the M S-scheme:
to which correspond:
In Table 2 , we compare our results with the ones obtained using models which differ in the estimate of the strength of the unknown higher order PT terms:
• The most popular [2, 3, 14, 15, 16] is the estimate of the coefficient of the next order term either as equal to the last term of the PT series or a prediction based on a geometric growth of the PT coefficient [2] or using [55] the principles of "Fastest Apparent Convergence "(FAC) [56] of "Minimal Sensitivity" (PMS) [57] 10 . In [16] CI is preferred over FO as the series converge faster. 10 Some alternative approaches can be found in [58] .
• Using an analogous estimate of the higher order terms, Ref. [39] takes the average of the FO and CI results, where 1/3 of the theoretical error (-0.005) comes from the estimate of the unknown α 5 s term.
• An alternative approach is the use of a toy model for the Borel transform of the Adler function beyond the n = 4 order. This model favours FO over the CI [40] , where the main theoretical error comes from the renormalisation scale dependence of the FO.
• In [41] , CI has been used in connection with Finite Energy Sum Rules having some specific weights.
• In the present work, all possible (standard δ st and nonstandard δ nst ) QCD power corrections are considered in the extraction of α s (M τ ). One can notice, from Table  2 , a good agreeement between different determinations, despite various appreciations on the estimate of higher order terms. However, according to the analysis in Ref. [46] , none of the previous estimates have carefully considered the quark-hadron duality violation (DV) effects which cannot be neglected. The DV effects shift the results of [16] and [39] to the high-side of the world average. In this paper, we point out, that the tachyonic gluon mass partially cancels the DV effects and reduces the usual systematic difference between the FO and CI results by a factor 4 [comparison of Eqs. (31), (32) and (49)].
• There is a remarkable agreement between the two determinations from τ [Eqs. (49) and (50) [25, 42] . Though the non-standard power corrections give the largest errors of α s (M τ ), its accuracy is not largely affected by these new contributions. 
from the observable:
if one uses the experimental values:
while the theoretical input only enters into the SU(3) breaking quantity:
which is one order of magnitude smaller than R τ . About 87% of the error in δR τ is mainly due to the value of m s , which has been taken in [59] to be: m s (2 GeV) = (96±10) MeV. This error reduces further by a factor 2 if one uses the average quoted in Eq. (5). One may wonder on the TACH contribution to δR τ . TACH effects to the SU(3) breaking part of the hadronic correlator are [53] :
(1)
where ζ(3) = 1.202056... is the Riemann zeta function. Its contribution to δR τ vanishes to leading order in α s like other dimension D = 4 operators and can be neglected in the determination of |V us | within the present accuracy of δR τ .
•m s from τ -decay and e + e − It has been determined from the SU(3)-breaking τ -decay widths [5, 59] :
or from τ -like decays in e + e − using the difference between the isovector and φ-meson channels [29, 28] :
or with the difference of the usual exponential inverse Laplace or/and FESR sum rules [30, 28] . However, TACH contribution is larger in the case of LSR and FESR used in [30, 28] 
in good agreement with the weighted average in Eq. (5), but disfavours the value λ = 0 to which would correspond a too small m s mass but having larger errors.
•m s from the (pseudo)scalar channels One should also note that TACH contribution in the pseudoscalar pion and kaon sum rule channels reduces the estimate obtained for λ = 0 to about 5% [53] :
(m u +m d )(2 GeV) = 8.6 (2.1) MeV , =⇒ m s (2 GeV) = 105 (26) MeV ,
which is, in better agreement with the average in Eq. (5). In the same time, it improves the duality between the experimental and theoretical side of the sum rules.
Summary and conclusions
We have reexamined the determinations of the SVZ power corrections and their effects on the extraction of α s from τ -decay data :
• α s G 2 is better determined from QSSR [7, 8, 24] than from τ -decay with the robust estimate in Eq. (12) .
• In the V channel, τ -decay and e + e − sum rules lead to a value of the four-quark condensate ρα s ūu 2 in Eq. (16) which violates the vacuum saturation estimate by a factor 3 [Eq. (17) ] and confirms previous QSSR results from different hadronic channels [7, 8, 9, 10, 17, 18, 19, 20] .
• Using the V+A τ -decay channel, which is the most sensible one for extracting α s , we show in Eqs. (49) and (50) , our estimate to O α 4 s which takes into account the effects of power corrections beyond the standard SVZ expansion. Instead of ruining the existing estimates without these non standard effects, these new contributions improve the agreement of the α s value in Eqs. (49) and (50) with the one in Eq. (33) from the direct determinations at the Z-mass from the Z-width and global fit of electroweak data as well as from the recent world average in Eq. (34) . The determinations of α s (M τ ) from τ -decay lead to the most accurate value of α s (M Z ) available today and demonstrates with high accuracy the running of the QCD coupling as expected from asymptotic freedom ! • Finally, we have discussed the rôle of the tachyonic gluon mass by taking the example of the determinations of |V us | from τ -decay and of m s from τ -decay, e + e − and pseudoscalar channels. Though its effect is negligible in the τ -like decay sum rules due to the vanishing of the D = 4 contribution, to leading order, in this particular observable, it plays an important rôle in the LSR and FESR approaches.
